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Introduction. We describe our experience of using the Medical Research Council framework on complex interventions to guide the
development and evaluation of an intervention to prevent obesity by modifying infant feeding behaviours.Methods. We reviewed
the epidemiological evidence on early life risk factors for obesity and interventions to prevent obesity in this age group. The
review suggested prevention of excess weight gain in bottle-fed babies and appropriate weaning as intervention targets; hence we
undertook systematic reviews to further our understanding of these behaviours.We chose theory and behaviour change techniques
that demonstrated evidence of effectiveness in altering dietary behaviours. We subsequently developed intervention materials and
evaluation tools and conducted qualitative studies withmothers (intervention recipients) and healthcare professionals (intervention
deliverers) to refine them. We developed a questionnaire to assess maternal attitudes and feeding practices to understand the
mechanism of any intervention effects. Conclusions. In addition to informing development of our specific intervention and
evaluation materials, use of the Medical Research Council framework has helped to build a generalisable evidence base for early
life nutritional interventions. However, the process is resource intensive and prolonged, and this should be taken into account by
public health research funders. This trial is registered with ISRTCN: 20814693 Baby Milk Trial.
1. Introduction
While the aetiology of obesity has been simplified to an
imbalance between energy intake and energy expenditure
over a prolonged period, the psychological, social, physiolog-
ical, environmental, and other factors causing this imbalance
are complex [1]. A complex problem does not always neces-
sitate a complex intervention, but complex interventions,
targetingmultiple causal factors and the interactions between
them, may be necessary [2]. Complex interventions are
often not systematically developed, specified, or reported [3].
Following a systematic process in the development and eval-
uation of a complex intervention may help in understanding
the processes underlying any observed intervention effects
and for whom and in which settings interventions work,
to inform and improve the development, evaluation, and
implementation of future interventions.
To address some of the complexities in defining, devel-
oping, and evaluating complex interventions, a number of
frameworks have been proposed. These include Intervention
Mapping [4, 5], RE-AIM (reach, efficacy, adoption, imple-
mentation and maintenance) [6, 7], Precede-Proceed [8],
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and LogicModels [9, 10].More recently, theMedical Research
Council (MRC) framework for developing and evaluating
complex interventions originally published in 2000 [11] and
updated in 2008 [2] has been recommended (Figure 1). The
2000MRC framework suggested amodel based on the phases
conventionally used in the evaluation of new drugs—from
initial preclinical research through to postmarketing surveil-
lance [11]. The updated 2008 MRC framework provides a
more flexible, less linear model of the process with greater
attention to early phase piloting and development work [2].
The aim of this paper is to describe our experience of
using the 2008 MRC framework to develop and evaluate a
theory-based, behavioural infant feeding intervention aimed
at preventing childhood obesity, including benefits and chal-
lenges of using this framework.
2. Methods
The activities we undertook and the stages of the 2008 MRC
framework theymap onto are shown in Table 1 and presented
in more detail below.
2.1. Developing a Complex Intervention
2.1.1. Identifying the Evidence Base
Review of the Epidemiological Evidence for Early Life Risk
Factors Contributing to Childhood Obesity. The review high-
lighted the importance of excess energy intake resulting
in excess weight gain during infancy [12–14], formula-
feeding, and poor weaning practices in the development
of obesity [15]. Randomised trials in small-for-gestational
age and preterm infants showed that greater dietary energy
content increased risk of obesity and metabolic disease in
later life [16, 17]. In 2004, the World Health Organization
and other international bodies reduced the recommended
average energy requirements (AER) for infants by around 15
to 20% [18] and these energy requirements form the basis
of the Baby Milk intervention. Babies who are fed formula-
milk aremore likely to show rapid weight gain during infancy
than breastfed babies [19], possibly as a result of higher
energy intake. In addition their mothers have a number of
demographic characteristics that are associated with obesity
risk (lower age, education, and socioeconomic status) and
hence the intervention targets formula-fed babies (54% at 1
week age and 77% at 6 weeks age in UK [20]) through their
mothers.
Systematic Review of Parent’s Experiences of Bottle-Feeding.
Having identified formula-fed babies as a high-risk group and
excess energy intake amongst this group as a potential target
for intervention, we sought to increase our understanding
of the behaviours associated with excess energy intake by
conducting a systematic review of the quantitative and
qualitative literature around parents’ experiences of bottle-
feeding [21]. The review suggested that mothers who bottle-
fed experienced negative emotions such as guilt, anger, worry,
uncertainty, and a sense of failure. This emphasised the need
for our intervention to be delivered with empathy and in
a collaborative participant-centred style. Mothers reported
receiving little information on bottle-feeding and did not feel
empowered to make decisions. Mistakes in feed preparation
and frequent formula-milk changes were common.
Systematic Review of Determinants of Early Weaning. We
undertook a systematic review of the determinants of early
weaning and inappropriate introduction of cow’s milk to
increase our understanding of why parents do not follow
infant feeding recommendations [22]. Strong evidence was
found for six maternal determinants of early weaning: young
age, low education and socioeconomic status, absence/short
duration of breastfeeding, smoking, and lack of information
or advice fromhealthcare providers.The results of this review
mirror the much larger body of evidence on determinants of
breastfeeding [23–25]. Of these determinants, improving the
advice and support given by healthcare providers appeared to
be the area most amenable to intervention in the short term.
Systematic Review of Interventions to Prevent Obesity in Young
Children.A2011 Cochrane review on interventions to prevent
obesity in children and adolescents identified 55 studies [26].
Only eight of these were targeting children aged 0–5 years
and these studies showed the largest intervention effects,
but none were specific to infancy. A search for “childhood
obesity prevention” trials listed on registers of active and
archived controlled trials (http://www.clinicaltrials.gov and
http://www.controlled-trials.com) was conducted and nine
trials in this age groupwere identified [27–35]. However none
of them targeted energy intake from formula-milk, the focus
of the baby milk intervention.
2.1.2. Identifying/Developing Appropriate Theory. A number
of psychological factors (e.g., beliefs and emotions) and envi-
ronmental factors are involved in learning new behaviours
and changing existing behaviours. Theories or models pro-
vide an overarching framework for the psychological and
environmental factors that explain behaviours to be targeted
by an intervention. As there were no behavioural interven-
tions specifically targeting formula-milk feeding, this stage
included a review of the literature on psychological theories
and behaviour change techniques that had shown some
success in improving dietary behaviours.
Social Cognitive Theory (SCT).We identified Bandura’s social
cognitive theory [36] as a useful theory to inform media-
tors along the hypothesised causal pathways of intervention
effects. The theory has been shown to predict other dietary
behaviours, including fruit and vegetable intake in children
[37], and has been used to develop interventions to improve
breastfeeding practices [38] and dietary behaviours in adults
[39, 40].
The key constructs of SCT are as follows.
Perceived Self-Efficacy. This refers to a person’s belief or
confidence in their ability to successfully perform a specific
task or behaviour. High perceived self-efficacy is related to a
feeling of being “in control” and a belief that “I will be able to
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Figure 1: Key elements of the development, evaluation, and implementation process of complex interventions. Source: [2].
continue to perform the behaviour even in the face of difficult
obstacles or stressful situations.”
Outcome Expectancies. These are person’s thoughts or beliefs
about the results or consequences of certain behaviour. Out-
come expectancies can be either positive or negative andmay
be related to physical, social, and self-evaluative outcomes,
that is, outcomes related to physical health, feedback from
others, and feelings about oneself.
Sociostructural Factors. Environmental factors are referred
to as sociostructural factors. These include all the factors
outside of the person thatmight affect their ability to perform
the target behaviour but are not necessarily beyond the
person’s control. An example of a sociostructural facilitator
might be a local support group. A sociostructural barrier
might be a grandparent or child minder unwilling to follow
recommendations. Hence, the identification of barriers and
facilitators for performance of the behaviour are techniques
used in the intervention (Table 2).
Implementation Intentions (IIs). While SCT is promising in
terms of strengthening motivation, it has been shown that
good intentions do not always translate to behaviour change;
hence we added implementation intentions (IIs). IIs have
been shown to bridge the gap between motivation and action
[41]. They commit an individual to a specific course of
action when certain environmental conditions (barriers or
facilitators) are met. The environment therefore acts as a cue
to action and helps the individual to achieve their goal. IIs
are “if. . .then. . .plans” specifying when, where, and how the
person will act on their intentions and perform the behaviour
and link the behaviour to specific cues [42].
Behaviour Change Techniques (BCTs). While theories pro-
vide a framework to understand how behaviours targeted
in the intervention change, behaviour change techniques
(BCTs) constitute the active content of interventions. We
selected behaviour change techniques (BCTs) informed by
the theoretical basis of our intervention (SCT and IIs) with
evidence of effectiveness in changing dietary behaviours [43].
We used Abraham and Michie’s taxonomy [44] to define the
BCTs and operationalize them as intervention strategies in
the intervention protocols (Table 2). The intervention aims
to encourage parents to reduce the amount of formula-
milk feeds, recognise infant satiety cues, not to respond to
nonhunger related fussiness by feeding, wean babies onto a
healthy diet, and recognise if their babies are gaining excess
weight. Table 3 summarises the contacts during which core
intervention contents are used.
Qualitative Studies. Following initial development of the
intervention, qualitative studies were conducted to assess
the acceptability and feasibility of intervention delivery and
appropriate changes to the interventionmaterials were made.
Psychologists, dieticians, and doctors were interviewed and
in addition, interviews and focus groupswere conductedwith
relevant stakeholders-mothers (recipients of the interven-
tion) and healthcare providers (health visitors and midwives
who would deliver the intervention). An iterative process was
used to refine the intervention [45]. One example of how
this work informed intervention development is that “healthy
growth” rather than “obesity prevention” was emphasised in
the resources and communication messages. Furthermore,
mention of breastfeeding being best was removed as mothers
said this was not appropriate for a formula-feeding inter-
vention. The studies also highlighted the need for repeated
contacts delivered in an empathic, nonjudgemental, client-
centred communication style and supported bywrittenmate-
rials.
2.1.3. Modelling Process and Outcomes. A causal modelling
approach [46] was used to link behavioural determinants
causally through behaviour to physiological variables and
health outcomes. Process and outcomes measures were
mapped onto the causal pathway (Figure 2).
While validated measures existed to assess most variables
along the causal pathway, we had to develop and validate a
questionnaire to assess changes in the key behavioural deter-
minants targeted by the intervention (maternal attitudes, SCT
constructs targeted by the intervention, and milk feeding
behaviour) [47]. The questionnaire showed good reliability
(% agreement above 70% for 51/57 items, Kappas 0.37–1)
and reasonable validity (% agreement above 66% for 39/57
items) and internal consistency (Cronbach’s alphas 0.51, 0.79,
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Table 1: Studies undertaken mapped to the phases of the MRC framework [2].
Definition Studies undertaken
(1) Developing a complex intervention
(1.1) Identifying the evidence base by carrying out a
systematic review
(i) Reviewed the epidemiological evidence for early life risk factors for obesity.
(ii) Improved understanding of the target behaviour.
(a) Systematic review of parents’ experiences of bottle-feeding to understand
how parents decide on quantities and frequency of formula-milk feeds.
(b) Systematic review of determinants of early weaning: “Determinants of
early weaning and early use of cow’s milk” identified determinants of
noncompliance with infant feeding recommendations.
(iii) Identified existing systematic reviews and checked the controlled trials register
for trials of interventions during infancy.
(1.2) Identifying/developing appropriate theory by
drawing on existing evidence and theory,
supplemented if necessary by primary research,
for example, interviews/focus groups with
“stakeholders”, that is, those targeted by the
intervention or involved in its development or
delivery
(i) Literature review and team discussions to decide on theory, behaviour change
techniques, and intervention strategies.
(ii) Qualitative studies with all stakeholders to refine intervention content. These
included interviews and focus groups with mothers (recipients of the intervention)
and healthcare providers (who would deliver the intervention). In order to optimise
the intervention, an iterative process was used with involvement of mothers,
behavioural scientists, doctors, midwives, and health visitors.
(1.3) Modelling process and outcomes by using a
“causal modelling approach” that could include a
range of primary and desk based studies to design
the intervention, identify suitable measures, and
predict long-term outcomes.
(i) Used a causal modelling approach to link “behavioural determinants” to
“behavior” and “short-term and long-term outcomes”.
(ii) Developed and validated a questionnaire for use in the trial to assess change in
key constructs along the causal pathway targeted by the intervention.
(2) Assessing feasibility and piloting methods
(2.1) Testing procedures for their acceptability,
compliance, and intervention delivery
(i) Tested components independently for feasibility and acceptability and final
adaptation of the intervention.
(ii) 1 year pilot trial of combined intervention components.
(2.2) Estimating recruitment and retention and
identifying potential barriers to these, using a
mixture of qualitative and quantitative methods
(i) Recruitment through post-natal wards, GPs, Health Visitors, midwives,
pharmacies, NHS database, charities, and the media to identify most efficient and
effective methods.
(ii) Pilot trial over 1 year.
(2.3) Determining sample size by anticipating the
effect sizes in a pilot study
Pilot trial was too small and no previous trials in this area hence used data from
observational studies to estimate sample size.
(3) Evaluating a complex intervention
(3.1) Assessing effectiveness by using a randomised
controlled trial where possible, choosing the
primary and a range of secondary outcomes, and
collecting data on predictors or mediators of effect
and any possible adverse effects
Set up explanatory RCT (ISRTCN number 2081469). Primary outcome is
growth-related and data on a number of secondary outcomes along the causal
pathway are also collected. Weight faltering in the babies and reduced quality of life
in mothers monitored real time as potential adverse effects reported to independent
data monitoring committee.
(3.2) Understanding change processes provide
insights into why an intervention fails
unexpectedly or why a successful intervention
works and how it can be optimised. Process
evaluation nested within a trial can be used to
assess fidelity and quality of intervention delivery,
clarify causal mechanisms, and identify contextual
factors associated with variations in outcomes.
Process evaluations should be conducted to the
same high standards and reported just as
thoroughly as evaluation of outcomes
(i) Intervention fidelity assessment using prespecified checklists.
(ii) Qualitative study nested within the trial-individual interviews with mothers in
the intervention and control groups and intervention facilitators to explore how
feeding decisions are made, how the intervention might work (or why it may not
work) and can be optimised, to identify key ingredients that could be included in
future interventions and other contextual factors.
(iii) Mediation analyses to understand how the intervention achieved any effects.
(3.3) Cost-effectiveness analyses should be
included if at all possible, so that the results are
useful to decision makers
Cost-consequence analysis planned and data collection on health service utilisation
and maternal quality of life in addition to cost of delivering the intervention.
(4) Implementation and beyond
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Table 1: Continued.
Definition Studies undertaken
(4.1) Dissemination by publication in
peer-reviewed literature and also communication
with policy makers
Peer reviewed publications, conference presentations, public engagement activities,
newsletters, and open access web deposition at the end of the trial.
(4.2) Surveillance, monitoring, and long-term
outcomes to measure rare or long-term impacts,
using routine data sources and record linkage or
by recontacting participants
Consent to recontact participants and access routinely collected health and
anthropometry data. If intervention is shown to be effective, process and outcome
data could inform a future pragmatic trial.
Table 2: Behaviour change techniques and intervention strategies used in the baby milk intervention [44].
Techniquea Definitiona Intervention strategies
(1) Provides information on
consequences
Information about the benefits and costs of action
or inaction, focusing on what will happen if the
person performs the behaviour.
Leaflet explains link between feeding behaviours, rapid
weight gain and risk of obesity. This information is
reinforced and participant understanding about the
information checked during 3 face-to-face and 2
telephone contacts.
(2) Prompts intention
formation
Encouraging the person to decide to act or set a
general goal.
Leaflet encourages lower guidelines for formula-milk
feeding and suggests a general feeding plan.
Develop a personalised feeding plan (PFP) in
intervention contacts.
(3) Prompts barrier
identification
Identifying barriers to performing the behaviour
and plan ways of overcoming them.
Identify barriers using cost-benefit analysis, motivation
ruler and confidence ruler.
Formulation of “if. . .then. . .” plans to overcome
barriers for example, crying between feeds (“If she cries
at night, then I will offer her a dummy”)
(4) Prompts facilitator
identification
Identifying facilitators to performing the
behaviour and plan ways to use them to overcome
barriers.
Cost-benefit analysis, motivation ruler and confidence
ruler.
(5) Provides general
encouragement
Praising or rewarding the person for effort or
performance without this being contingent on
specified behaviours or standards of performance.
Praise all attempts at following guidelines.
Good communication skills: building rapport, empathy,
active listening, nonjudgemental, and client-centred.
(6) Sets graded tasks Setting easy task and increasing difficulty untiltarget behaviour is performed.
Monthly contact to encourage mothers to set small
achievable goals and revise them.
Review of personal feeding plan (PFP) to revise goals.
(7) Provides instruction Telling a person how to perform certainbehaviour and/or preparatory behaviours.
Two leaflets and discussion about recommended
feeding behaviours during 3 face-to-face and 2
telephone contacts.
(8) Models or demonstrates
the behaviour
An expert shows the person how to correctly
perform behaviour for example, in class or on
video.
Demonstrate the correct method of formula-feed
preparation at baseline visit.
(9) Prompts specific goal
setting
Involves detailed planning of what the person will
do, including a definition of the behaviour
specifying frequency, intensity, or duration and
specification of at least one context, that is, where,
when, how, or with whom.
Personal Feeding plan with goals negotiated with the
participant.
Make these goals specific by formulating “if. . .then. . .”
plans
(10) Prompts review of
behavioural goals
Review and/or reconsideration of previously set
goals or intentions
Review and revise goals set at each intervention contact
using the Personal Feeding plan.
(11) Prompts
self-monitoring
The person is asked to keep a record of specified
behaviour(s) (e.g., in a diary).
Encourage participants to record amount fed in the
Personal Feeding plan.
(12) Provides feedback on
performance
Providing data about recorded behaviour or
evaluating performance in relation to a set
standard or others’ performance, that is, the
person received feedback on their behaviour.
Provide feedback on feeding behaviour, based on
Personal Feeding plan.
Provide feedback on baby’s growth plotted on growth
charts.
(13) Teaches to use prompts
or cues
Teaching the person to identify environmental
cues that can be used to remind them to perform
a behavior,
including times of day or elements of contexts.
Stickers on formula-milk tins which encourage lower
formula-milk consumption.
aLabels and definitions of the behaviour change techniques are as specified in Abraham and Michie’s Taxonomy of Behaviour Change Techniques [50].
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Table 3: Intervention and Control contacts and content.
Timeline Intervention group (IG) Control group (CG)
First: face-to-face.
Within 14 weeks of birth
(i) Healthy growth and nutrition leaflet.
(ii) Stickers for formula-milk packets/tins with new
guideline daily requirements.
(iii) Education about growth charts, rapid weight gain,
obesity risk.
(iv) Personal feeding plan (PFP).
(v) Model feed preparation if necessary.
(i) Standard Department of Health
bottle feeding leaflet.
(ii) General questions about
formula-milk feeding, information
sources, and decisions.
Second: telephone.
3-4 months (3–6 weeks later)
(i) Check understanding of key messages.
(ii) Review of PFP and goal setting.
General questions about sleep and
support with caring for baby.
Third: face-to-face (IG)/telephone (CG)
4-5 months (3–6 weeks later)
(i) Feedback on growth.
(ii) Weaning advice.
(iii) Review of PFP and goal setting.
General questions about life after the
baby’s birth.
Fourth: telephone.
5-6 months (3–6 weeks later) Review of PFP and goal setting.
General questions about formula-milk
changes and weaning
Fifth: face-to-face.
6-7 months (3–6 weeks later)
(i) Feedback on growth.
(ii) Review of PFP and goal setting.
(i) Standard Department of Health
weaning leaflet.
(ii) Questions about experience of
taking part in the study and research
in general.
Identification of barriers and facilitator, problem solving, and “If. . .then plans” are used in all contacts. All contacts are underpinned by good communication
skills. The motivation ruler and confidence ruler are used for assessment and to prompt identification of barriers and facilitators. The “cost-benefit analysis”
tool is used as required to improve motivation and confidence.
and 0.90 for self-efficacy, outcome expectancies, and inten-
tion, resp.). Development of the questionnaire also influenced
our thinking about intervention content.
2.2. Assessing Feasibility and Piloting Methods
2.2.1. Testing Procedures. Once developed, all the interven-
tion materials were piloted by the intervention facilitators
(trained to deliver the intervention) to ensure that the
intervention was acceptable and feasible to deliver. An exten-
sive training manual and a two-day training programme
in the evidence base underlying the intervention, theories,
behaviour change techniques, intervention strategies, and
communication skills, including demonstration and practice
with individual feedback, were piloted and adapted. For
example, we initially developed long versions of intervention
protocols, however, during piloting, it became clear that it
was difficult for intervention facilitators to use these and we
developed shorter versions with key aspects of delivery. We
piloted and refined checklists for each contact with interven-
tion and control participants to be used by the intervention
facilitators to assess and promote fidelity of intervention
delivery (i.e., consistent delivery across facilitators and time).
For the control group participants (attention control), in
order to avoid contamination, we designed protocols with
questions for each contact which were organised around
broad themes (Table 3).
A 1-year pilot study (March 2011–March 2012) among
78 participants provided the opportunity to engage with
local providers of postnatal and primary care services in
order to optimise methods for recruitment, to assess the
acceptability and feasibility of the trial measures, estimate
expected retention rates, and plan the resources needed for
an explanatoryRCT.Wedid not analyse the results of the pilot
feasibility study separately as it continued into the full trial.
2.2.2. Estimating Recruitment and Retention. Our initial
strategy to identify participants was to approach parents who
were formula-feeding their baby before eight weeks of age
via postnatal (midwives) and community health professionals
(health visitors). To this end we spoke with midwives, infant
feeding coordinators, and health visitors at their team meet-
ings. Although this did not prove a very effective route for
recruitment, partly due to the time pressures and conflicting
priorities that these health professionals are faced with, it did
help to raise awareness of the study and allowed us to collect
information on ways to optimise recruitment and retention.
For example, we extended the age of recruitment to 14 weeks,
expanded our recruitment area, and offered easily accessible
local clinics and/or home visit appointments.
After investigating a number of other strategies to identify
participants including posters in health centres and children’s
centres, pharmacies, charity groups, and a local press release,
we successfully applied for ethics approval for named mem-
bers of our own research team to approach bottle-feeding
mothers on postnatal wards directly. Since all babies are
seen by their GPs for a six-week check, we also approached
GPs for help with recruitment. In addition, participants
were identified through the central health electronic database
where a record of whether mothers were breastfeeding
or bottle-feeding was made by their health visitor and a
recruitment leaflet mailed to them. This multilevel approach
from different professionals at different times during the first
threemonths of infant age seemed to work well and indicated
feasibility of recruitment. We did not offer any financial
incentives but this could be amore effective way of recruiting,
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Figure 2: Hypothesised causal pathways and measures for evaluation in the Baby Milk trial.
especially the hard-to-reach group and could be considered
in future studies. Ongoing data on retention was monitored
and barriers to retention identified.
2.2.3. Determining Sample Size. The primary outcome was
change in weight standard deviation score (SDS) from birth
to age 12 months in intervention versus control groups. As
there were no previous trials in this age group, we used data
fromobservational studies of infant energy intake and growth
to calculate the sample size and estimated that the target 15%
lower energy intake would lead to a 0.30 SDS difference in
weight [48]. Allowing for a 15% drop-out rate we needed to
recruit 700 babies.
2.3. Evaluating a Complex Intervention
2.3.1. Assessing Effectiveness. Wedecided that themost appro-
priate design to evaluate the effectiveness of this behavioural
intervention would be a single (assessor) blind, individ-
ually randomised controlled trial. In order to assess true
“intervention” effects, we decided the control group should
get the same attention as the intervention group (attention
control) and offered standard advice. Due to the paucity of
research in this area, in addition to assessing whether the
intervention was effective, we conducted a process evaluation
to improve our understanding of the determinants of infant
feeding behaviours, potential causal mechanisms underlying
any intervention effects observed, implementation of this
complex intervention, and contextual factors [49].
2.3.2. Understanding Change Processes. The process evalu-
ation included intervention fidelity assessment (implemen-
tation), a qualitative study and possibility for mediation
analysis to illuminate contextual factors.
Implementation. Fidelity Assessment. In the Baby Milk trial,
standard protocols for intervention and control group deliv-
ery were used for each contact. All planned facilitator-parent
contacts (in both arms of the trial) were audiorecorded
in order to assess fidelity of intervention delivery. Fidelity
was promoted and contamination across the two groups
minimised by assessing a random sample of audiotaped
contacts using standardised fidelity checklists, followed by
feedback, ongoing support over the whole period of interven-
tion delivery, booster training sessions, and peer appraisal.
Contextual Factors. A Qualitative interview study among
intervention (𝑛 = 10) and control (𝑛 = 10) group mothers
and intervention facilitators (𝑛 = 4) explored how feeding
decisions were made, to explain intervention effects, identify
key ingredients that could be included in future interventions
and identify contextual factors associated with variations in
outcomes across participants.
Structural equation modelling can be used to test the
complex relationships between mediators and outcomes, and
paths through which they may exert their influence, bearing
in mind the possibility of reverse causality where behaviour
affects beliefs as well as vice versa [50]. For example, on the
basis of SCT we hypothesize that beliefs about the health
benefits for the child of following feeding recommendations
(outcome expectancies) will partially mediate (explain) the
relationship between confidence (self-efficacy) about follow-
ing feeding recommendation and the formation of a goal.
2.3.3. Cost-Effectiveness Analyses. In order for the results
to be useful to decision makers, we developed instruments
to collect cost-related data, time spent in delivering the
intervention and health service utilisation. The analysis plan
included a cost-consequences analysis to show the cost of
delivering the intervention and outcomes (proportion of
infants whose weight crosses more than one centile band
upwards on the growth charts (0.67 SDS) and infants of
normal weight at 12 months, and probability of being normal
weight as an adult using data from a meta-analysis [51]), for
intervention and control groups.
2.4. Implementation and Beyond
2.4.1. Dissemination. A criticism of many trials is that their
published reports do not describe the interventions in
enough detail to enable them to be reproduced [52]. At
the end of the trial we will make our training materials,
intervention protocols, and fidelity checklists available on our
website for other researchers to adapt and use.
Parents in the study and healthcare professionals who
identify potential participants receive regular newsletters
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with key findings as they emerge. Results will be published
in open access journals and reported to funders and policy
makers.
2.4.2. Surveillance, Monitoring, and Long-Term Followup.
Ethical permissions and consent were taken to allow future
recontacting of participants and/or accessing routinely col-
lected data.
3. Discussion
3.1. Main Findings. Use of the 2008 MRC framework has
helped develop a theory- and evidence-based intervention,
to specify a proposed causal pathway to change infant feeding
behaviour and growth outcomes, to pilot the intervention and
study procedures in order to address the main uncertain-
ties, and to design an explanatory RCT evaluation. Careful
attention to the design of the RCT means the results not
only will generate evidence about the effectiveness of a
replicable intervention but also will allow us to begin to
elucidate the processes by which change is achieved (or
why it is not). Evaluations that take account of complexity
of interventions could explain outcomes better even in the
absence of intervention effectiveness [53, 54].
3.2. What Is Already Known on This Topic? A number of
frameworks have been proposed to aid researchers develop-
ing and evaluating complex interventions. The 2008 MRC
framework suggests a comprehensive and iterative process for
intervention development and evaluation.
3.3. What This Study Adds? This paper explicitly maps the
various activities and developmental and piloting work to the
stages of the 2008 MRC framework [2] demonstrating how
the framework can be operationalised. The greater emphasis
on piloting and feasibility testing in the revised MRC frame-
work is a strength as, in our experience, intervention content
and materials, evaluation tools, and recruitment strategies
were significantly improved through this process.
3.4. Limitations of This Study/Framework. Using the MRC
framework posed a number of challenges, the biggest being
the time and resources needed. Significant resources go into
the development of pharmacological and other biomedical
interventions, but the development of public health interven-
tionswhich do not involve the generation of intellectual prop-
erty does not receive such funding.This should be something
funding bodies need to consider if public health interventions
are to follow the same rigorous development and evaluation
process that is used in drug development. With the current
model of funding, it is very difficult for researchers in most
countries to use the framework due to the timescales and
resources required. Consequently the evidence base may be
skewed towards “high income” countries where resources for
development work may be more readily available. It could
be argued that the process could be shortened and some of
the stages omitted, especially if the evidence-base for what
is likely to work is strong. Future evidence synthesis could
focus onwhether studies using theMRC framework aremore
effective than those not using it or using other frameworks.
4. Conclusions
Careful attention to intervention development is likely to
result in interventions which advance the evidence base and
may be a more efficient use of limited public health research
resources.
Ethical Approval
NHS ethics approval reference 10/H0305/9.
Conflict of Interests
The authors declare that they have no competing interests.
Author Contribution
Lakshman Rajalakshmi wrote the first draft and is guarantor
for the paper. All authors contributed to the study design,
critical revision of the paper, and approving of the final
version.
Acknowledgments
The authors would like to thank all the study partici-
pants and research team members, notably, Fiona Whit-
tle (study coordinator), Ann-Marie-Wardell, Karen Forbes,
Karen Poloka and LizWhite (intervention facilitators), Char-
lotte Hewitson (research assistant), and Gisela Baker (study
support).They acknowledge the support of the Primary Care
Research Network (Helen Macdonald, Janet Piggott, Brenda
Deboys), Cambridgeshire Community Services (Emily Lee,
Paula Waddingham and Dr David Vickers), Hertfordshire
Community Services (SallyAnne Doyle-Caddick and Mary
Cousins), West Anglia CLRN, and General Practices that
have helped with participant identification. The work was
undertaken under the auspices of the Centre for Diet
and Activity Research (CEDAR), a UKCRC Public Health
Research Centre of Excellence which is funded by the
British Heart Foundation, Cancer Research UK, Economic
and Social Research Council, Medical Research Council,
the National Institute for Health Research, and the Well-
come Trust. The Baby Milk trial is funded by the National
Prevention Research Initiative (http://www.npri.org.uk Grant
no. MR/J000361/1). The Funding Partners relevant to this
award are (in alphabetical order): Alzheimer’s Research
Trust; Alzheimer’s Society; Biotechnology and Biological
Sciences Research Council; British Heart Foundation; Can-
cer Research UK; Chief Scientist Office, Scottish Gov-
ernment Health Directorate; Department of Health; Dia-
betes UK; Economic and Social Research Council; Health
and Social Care Research and Development Division of
the Public Health Agency (HSC R&D Division); Medical
Research Council; The Stroke Association; Wellcome Trust;
Welsh Assembly Government; and World Cancer Research
Journal of Obesity 9
Fund. Lakshman Rajalakshmi was funded by aMRC Popula-
tion Health Fellowship (Grant no. G070165).
References
[1] B. Butland, S. Jebb, P. Kopelman, K.McPherson, S.Thomas, and
J. Mardell, Foresight Report; Tackling Obesities: Future Choices,
Government Office for Science, London, UK, 2008.
[2] P. Craig, P. Dieppe, S. Macintyre, S. Michie, I. Nazareth, and M.
Petticrew, “Developing and evaluating complex interventions:
the new Medical Research Council guidance,” British Medical
Journal, vol. 337, p. a1655, 2008.
[3] S. Michie, D. Fixsen, J. M. Grimshaw, and M. P. Eccles, “Spec-
ifying and reporting complex behaviour change interventions:
the need for a scientific method,” Implementation Science, vol.
4, article 40, 2009.
[4] L. K. Bartholomew, G. S. Parcel, and G. Kok, “Intervention
mapping: a process for developing theory- and evidence-based
health education programs,” Health Education & Behavior, vol.
25, pp. 545–563, 1998.
[5] H. Pittson and L. Wallace, “Using intervention mapping to
develop a family-based childhood weight management pro-
gramme,” Journal of Health Services Research & Policy, vol. 16,
supplement 1, pp. 2–7, 2011.
[6] G. Austin, T. Bell, C. Caperchione, and W. K. Mummery,
“Translating research to practice: using the RE-AIM framework
to examine an evidence-based physical activity intervention in
primary school settings,”Health Promotion Practice, vol. 12, no.
6, pp. 932–941, 2011.
[7] R. E. Glasgow, T. M. Vogt, and S. M. Boles, “Evaluating the
public health impact of health promotion interventions: the RE-
AIM framework,”American Journal of Public Health, vol. 89, pp.
1322–1327, 1999.
[8] L. Jandorf, A. Fatone, P. V. Borker et al., “Creating alliances
to improve cancer prevention and detection among urban
medically underserved minority groups. The East Harlem
Partnership forCancerAwareness,”Cancer, vol. 107, supplement
8, pp. 2034–2051, 2006.
[9] R. A. Afifi, J. Makhoul, T. El Hajj, and R. T. Nakkash, “Devel-
oping a logic model for youth mental health: participatory
research with a refugee community in Beirut,” Health Policy
Plan, vol. 26, no. 6, pp. 508–517, 2011.
[10] K. J. Conrad, F. L. Randolph, M. W. J. Kirby, and R. R. Bebout,
“Creating andusing logicmodels: four perspectives,”Alcoholism
Treatment Quarterly, vol. 17, no. 1-2, pp. 17–31, 1999.
[11] M. Campbell, R. Fitzpatrick, A. Haines, A. L. Kinmonth, P.
Sandercock, and D. Spiegelhalter, “Framework for design and
evaluation of complex interventions to improve health,” British
Medical Journal, vol. 321, pp. 694–696, 2000.
[12] J. Baird, D. Fisher, P. Lucas, J. Kleijnen, H. Roberts, and C. Law,
“Being big or growing fast: systematic review of size and growth
in infancy and later obesity,”BMJ, vol. 331, no. 7522, p. 929, 2005.
[13] P. O. Monteiro and C. G. Victora, “Rapid growth in infancy and
childhood and obesity in later life a systematic review,” Obesity
Reviews, vol. 6, pp. 143–154, 2005.
[14] K. K. Ong and R. J. Loos, “Rapid infancy weight gain and sub-
sequent obesity: systematic reviews and hopeful suggestions,”
Acta Paediatrica, vol. 95, pp. 904–908, 2006.
[15] R. Lakshman and K. Ong, “Early life risk factors for obesity and
obesity-related disorders: review article,” Asia pacific Journal of
Endocrinology, 2010.
[16] A. Singhal, T. J. Cole, and A. Lucas, “Early nutrition in preterm
infants and later blood pressure: two cohorts after randomised
trials,”The Lancet, vol. 357, no. 9254, pp. 314–419, 2001.
[17] A. Singhal, K. Kennedy, J. Lanigan et al., “Nutrition in infancy
and long-term risk of obesity: evidence from 2 randomized
controlled trials,” The American Journal of Clinical Nutrition,
vol. 92, no. 5, pp. 1133–1144, 2010.
[18] FAO,WHO, andUNU, “Human Energy Requirements,” Report
of a Joint FAO/WHO/UNU Expert Consulation, Rome, Italy,
2001.
[19] K. K. Ong, M. A. Preece, P. M. Emmett, M. L. Ahmed, and
D. B. Dunger, “Size at birth and early childhood growth in
relation to maternal smoking, parity and infant breast-feeding:
longitudinal birth cohort study and analysis,”Pediatric Research,
vol. 52, pp. 863–867, 2002.
[20] Health and Social Care Information Centre, “UK Infant
Feeding Survey 2010,” 2012, http://www.hscic.gov.uk/catalogue/
PUB08694/Infant-Feeding-Survey-2010-Consolidated-Report.
pdf.
[21] R. Lakshman, D. Ogilvie, and K. K. Ong, “Mothers’ experiences
of bottle-feeding: a systematic review of qualitative and quan-
titative studies,” Archives of Disease in Childhood, vol. 94, pp.
596–601, 2009.
[22] K. Wijndaele, R. Lakshman, J. R. Landsbaugh, K. K. Ong,
and D. Ogilvie, “Determinants of early weaning and use of
unmodified cow's milk in infants: a systematic review,” Journal
of the American Dietetic Association, vol. 109, pp. 2017–2028,
2009.
[23] C. Britton, F. M. McCormick, M. J. Renfrew, A. Wade, and S. E.
King, “Support for breastfeeding mothers,” Cochrane Database
of Systematic Reviews, no. 1, Article ID CD001141, 2007.
[24] J. Callen and J. Pinelli, “Incidence and duration of breastfeeding
for term infants in Canada, United States, Europe, and Aus-
tralia: a literature review,” Birth, vol. 31, no. 4, pp. 285–292, 2004.
[25] A. Yngve and M. Sjostrom, “Breastfeeding determinants and
a suggested framework for action in Europe,” Public Health
Nutrition, vol. 4, no. 2, pp. 729–739, 2001.
[26] E. Waters, A. Sanigorski, BJ. Hall, T. Brown, KJ. Campbell,
and Y. Gao, “Interventions for preventing obesity in children,”
Cochrane Database of Systematic Reviews, vol. 12, pp. 1–191, 2011.
[27] B. Koletzko, R. von Kries, R. Closa et al., “Lower protein in
infant formula is associated with lower weight up to age 2 y:
a randomized clinical trial,” The American Journal of Clinical
Nutrition, vol. 89, pp. 1836–1845, 2009.
[28] M. S. Fewtrell, K. Kennedy, R. Nicholl, A. Khakoo, andA. Lucas,
“Infant feeding bottle design, growth and behaviour: results
from a randomised trial,”BMCResearchNotes, vol. 5, article 150,
2012.
[29] K. Campbell, K. Hesketh, andD. Crawford, “The Infant Feeding
Activity and Nutrition Trial (INFANT) an early intervention to
prevent childhood obesity: cluster-randomised controlled trial,”
BMC Public Health, vol. 8, p. 103, 2008.
[30] L. Daniels, A. Magarey, D. Battistutta, J. Nicholson, A. Far-
rell, and G. Davidson, “The NOURISH randomised control
trial: Positive feeding practices and food preferences in early
childhood—a primary prevention program for childhood obe-
sity,” BMC Public Health, vol. 9, article 387, 2009.
[31] I. M. Paul, J. S. Savage, S. L. Anzman et al., “Preventing obesity
during infancy: a pilot study,”Obesity, vol. 19, no. 2, pp. 353–361,
2010.
10 Journal of Obesity
[32] J. Barlow, S. Whitlock, S. Hanson et al., “Preventing obesity at
weaning: parental views about the EMPOWER programme,”
Child: Care, Health and Development, vol. 36, no. 6, pp. 843–
849, 2010.
[33] J. Lanigan, S. Barber, and A. Singhal, “Prevention of obesity in
preschool children,”TheProceedings of theNutrition Society, vol.
69, no. 2, pp. 204–210, 2010.
[34] L. M. Wen, L. A. Baur, J. M. Simpson, C. Rissel, K. Wardle, and
V.M. Flood, “Effectiveness of home based early intervention on
children’s BMI at age 2: randomised controlled trial,”TheBritish
Medical Journal, vol. 344, article e3732, 2012.
[35] L. Askie, L. Baur, K. Campbell et al., “The Early Prevention of
Obesity in CHildren (EPOCH) Collaboration—an individual
patient data prospectivemeta-analysis,”BMCPublic Health, vol.
10, p. 728, 2010.
[36] A. Bandura, Self-Efficacy:TheExercise of Control, Freeman,New
York, NY, USA, 1997.
[37] K. Resnicow,M. Davis-Hearn,M. Smith et al., “Social-cognitive
predictors of fruit and vegetable intake in children,” Health
Psychology, vol. 16, no. 3, pp. 272–276, 1997.
[38] A. H. Ahmed, “Breastfeeding preterm infants: an educational
program to supportmothers of preterm infants inCairo, Egypt,”
Pediatric Nursing, vol. 34, pp. 125–130, 2008.
[39] A. Luszczynska and R. Schwarzer, “Social cognitive theory,”
in Predicting Health Behaviours, M. Conner and P. Norman,
Eds., chapter 4, Open University Press, Maidenhead, UK, 2nd
edition, 2005.
[40] T. Baranowski, C. Perry, and G. Parcel, “How individuals,
environments, and health behaviour interact; Social Cognitive
Theory,” in Health Behaviour and Health Education-Theory,
Research and Practice, K. Glanz, Ed., John Wiley & Sons, How
individuals, 3rd edition, 2002.
[41] P. Sheeran, S. Milne, T. L. Webb, and P. M. Gollwitzer,
“Implementation intentions and health behaviour,” inPredicting
Health Behaviours, M. Conner and P. Norman, Eds., Open
University Press, Maidenhead, UK, 2nd edition, 2005.
[42] PM.Gollwitzer and P. Sheeran, “Implementation intentions and
goal achievement: a meta-analysis of effects and processes,”
Advances in Experimental Social Psychology, vol. 38, pp. 69–119,
2006.
[43] S. Michie, C. Abraham, C. Whittington, J. McAteer, and S.
Gupta, “Effective techniques in healthy eating and physical
activity interventions: a meta-regression,” Health Psychology,
vol. 28, pp. 690–701, 2009.
[44] C. Abraham and S. Michie, “A taxonomy of behaviour change
techniques used in interventions,”Health Psychology, vol. 27, pp.
379–387, 2008.
[45] R. Lakshman, J. R. Landsbaugh, A. Schiff, S. Cohn, S. J.
Griffin, and K. K. Ong, “Developing a Programme for Healthy
Growth and Nutrition during Infancy: understanding user
perspectives,” Child: Care Health and Development, vol. 38, no.
5, pp. 675–682, 2012.
[46] W. Hardeman, S. Sutton, S. Griffin et al., “A causal modelling
approach to the development of theory-based behaviour change
programmes for trial evaluation,” Health Education Research,
vol. 20, pp. 676–687, 2005.
[47] R. R. Lakshman, A. Landsbaugh Schiff Jr., W. Hardeman, K.
K. Ong, and S. J. Griffin, “Development of a questionnaire
to assess maternal attitudes towards infant growth and milk
feeding practices,” International Journal of Behavioral Nutrition
and Physical Activity, vol. 8, article 35, 2011.
[48] K. K. Ong, P. M. Emmett, S. Noble, A. Ness, and D. B. Dunger,
“Dietary energy intake at the age of 4months predicts postnatal
weight gain and childhood bodymass index,” Pediatrics, vol. 117,
no. 3, pp. e503–e508, 2006.
[49] G. Moore, S. Audrey, M. Barker et al., “Process evaluation
in complex public health intervention studies: the need for
guidance,” Journal of Epidemiology & Community Health, vol.
68, no. 2, pp. 101–102, 2014.
[50] R. M. Baron and D. A. Kenny, “The moderator-mediator vari-
able distinction in social psychological research: conceptual,
strategic, and statistical considerations,” Journal of Personality
and Social Psychology, vol. 51, pp. 1173–1182, 1986.
[51] C. Druet, N. Stettler, S. Sharp et al., “Prediction of childhood
obesity by infancy weight gain: an individual-level meta-
analysis,” Paediatric and Perinatal Epidemiology, vol. 26, pp. 19–
26, 2012.
[52] P. Glasziou, I. Chalmers, D. G. Altman, H. Bastian, I. Boutron,
and A. Brice, “Taking healthcare interventions from trial to
practice,” BMJ, vol. 341, Article ID c3852, 2010.
[53] A. M. Clark, T. G. Briffa, L. Thirsk, L. Neubeck, and J. Redfern,
“What football teaches us about researching complex health
interventions,” British Medical Journal, vol. 345, article e8316,
2012.
[54] C. Bonell, A. Fletcher, M. Morton, T. Lorenc, and L. Moore,
“Realist randomised controlled trials: a new approach to eval-
uating complex public health interventions,” Social Science &
Medicine, vol. 75, no. 12, pp. 2299–2306, 2012.
Submit your manuscripts at
http://www.hindawi.com
Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
MEDIATORS
INFLAMMATION
of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Behavioural 
Neurology
Endocrinology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Disease Markers
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
BioMed 
Research International
Oncology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Oxidative Medicine and 
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
PPAR Research
The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014
Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Journal of
Obesity
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
 Computational and  
Mathematical Methods 
in Medicine
Ophthalmology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Diabetes Research
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Research and Treatment
AIDS
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Gastroenterology 
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Parkinson’s 
Disease
Evidence-Based 
Complementary and 
Alternative Medicine
Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com
